ABSTRACT -The profiles of home cage locomotor activity and its rhythmicity were investigated using a camera system for 4 consecutive days in cynomolgus monkeys. Nine male and nine female cynomolgus monkeys were used in this study, and were found to have the same profile in nocturnal behavior in that they were mostly inactive during the night. The locomotor activity of both sexes showed a normal activity and inactivity rhythm, which had an inverse relationship between normal activity and inactivity, showing a fluctuation profile of being higher in the light cycle and lower in the dark cycle. The four-day locomotion time of the females was higher than that of the males in the dark period. The females also showed a higher locomotion count and D/L ratio in the dark period than the males during the 4 consecutive days. These findings indicate that the females have greater locomotor activity in the dark period than that of the males. The present findings may serve as useful basic data for the behavioral assessment of overall animal movements in toxicological studies using monkeys.
INTRODUCTION
Circadian locomotor rhythm is endogenous in that it persists under conditions of constant light or constant dark, but usually is influenced by, and entrained to, external factors, which set the biological clock. Among these factors are temperature, barometric pressure, hormones, light, drugs and various toxicants (Sprott, 1967; Ehret et al., 1975; McEachron et al., 1982; Endo et al., 2001; Timofeeva and Gordon, 2002; Kim et al., 2002) . It is well-known that various drugs such as caffeine, theophylline, and lithium can affect circadian rhythms (Ehret et al., 1975; McEachron et al., 1982) . In fact, various toxicants such as cholinergic neurotoxin, alcohol, acetylcholinesterase inhibitor and cocaine have been reported to cause changes in circadian rhythms and locomotor activity in experimental animals (Endo et al., 2001; Allen, 2005; Timofeeva and Gordon, 2002) . These findings indicate that behavioral changes may be associated with the adverse effects of many toxicants.
As the closest phylogenetic relatives to human, nonhuman primates play an indispensable role in biomedical research (Sibal and Samson, 2001; Fortman, 2002) . Nonhuman primates are capable of advanced behaviors that share important and fundamental parallels with humans. The behavioral repertoire of nonhuman primates is highly evolved and includes advanced problem-solving capabilities, complex social relationships, and sensory acuity equal or superior to those of humans (Burbacher and Grant, 2000) . These factors make nonhuman primates valuable animal models for studies of the functional effects of neurotoxicants. A previous behavioral study using videotape recording showed the behavior of the rhesus monkey in the home cage (Erffmeyer, 1982) . They tend to be inactive during the dark period. These animals spontaneously awake frequently through the night. However, this awakening is not usually accompanied by much activity. They often scratch themselves or shift posture and then return to sleep (Erffmeyer, 1982) . Monkeys in their home cages show six behaviors, viz inactivity, selfgrooming, environmental exploration, self-directed behavior, locomotion and vocalizations (Ferguson et al., 1993) . Therefore, it is possible that toxicantinduced behavior may be incorporated into the overall repertoire of monkeys, since their home cage behaviors may reflect their health states and thus may serve as useful indicator of toxic symptoms when they are intoxicated. However, no assessment method of home cage behaviors has yet been established in studies using monkeys. In the present study, the profiles of home cage locomotor activity and its 24-hr rhythmicity were investigated as part of a behavioral assessment of overall animal movements using a camera system.
MATERIALS AND METHODS

Animals
Nine male and nine female cynomolgus monkeys, captive bred at Yunnan National Primate Center, China, were used in this study. They were 3 to 4 years of age and their mean body weights were 3.77 kg for the males and 3.18 kg for the females. The monkeys remained in quarantine for 4 weeks, and they were caged individually in stainless steel pipe cage (450W × 650L × 754H mm) with a guillotine-type door. The animals underwent a detailed physical examination under anesthesia induced by ketamine (Ketalar; Yuhan Co., Seoul, Korea) at a dose of 10 mg/kg. These conditions, allowed the animals to be handled without difficulty, and they appeared calm during the bleeding procedure for quarantine blood examination. The present study including the quarantine procedure was reviewed and assessed by the Institutional Animal Care and Use Committee (IACUC) of the KIT (Certification acquisition of Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) International in 1998).
Housing and Maintenance
Throughout the study, the monkeys were housed individually in stainless steel pipe cages (450W × 650L × 754H mm), which were located in a room maintained on a 12:12 light schedule (white light from 7:00 a.m.). The animal room was maintained at a temperature of 23±3°C, a relative humidity of 55±10%, and air ventilation of 10 to 20 times/hour. The cages were cleaned between 10:00 a.m. and 10:30 a.m., and immediately afterwards the monkeys were fed a standard monkey diet (Oriental Yeast Co., Tokyo, Japan). UV-irradiated and filtered municipal tap water was provided to the animals ad libitum. All of the animals used in this study were cared for in accordance with the principles outlined in the "Guide for the Care and Use of Laboratory Animals", an NIH publication (NRC, 1996) .
Home cage locomotor activity assessment
The experimental cages were of the stainless steel pipe type and were monitored by a video camera. The home cage locomotor activity was assessed using a Vigie Primates ® image analyzer system (View Point, Lyon, France). The system comprised a video camera connected to a video image analyzer system (PC computer), which was able to calculate in real time the quantity and quality of the movements of the eighteen monkeys, simultaneously and independently during the locomotor activity session. The images were digitized with a 800 × 600 pixel definition and 256 gray levels and the changes in the gray level in the pixels from one image to the next were counted every 80 ms. The activity of each animal was separated into three states according to the method used by Chassain et al. (2001) . The thresholds between the three states were adjusted to sort the movements of the animals. The first state corresponded to the inactivity of the animals (0 ≤ 100 pixels), the second to normal activity ( > 100 ≤ 1700 pixels) and the third to hyperactivity (> 1700 pixels). In the present study, home cage locomotor activity was expressed as the second state corresponding to normal activity. There was little disturbance by humans except from 10:00 a.m. to 10:30 a.m. and from 2:30 p.m. to 3:00 p.m. during cage cleaning and feeding.
Statistical analysis
Analyses of variance (ANOVA) and the Student t-test (Sokal and Rohlf, 1981) were used to analyze the changes in the locomotion time and locomotion count variables using the Statistical Analysis System (SPSS Inc. Chicago, IL, USA). Descriptive results were presented as mean ±SD.
RESULTS
During 4 consecutive days, the locomotor activity was observed in the 9 male and 9 female monkeys. As shown in Figs. 1 and 2, both sexes have the same profile of nocturnal behavior in that the monkeys are mostly inactive during the night. Although there were slight individual differences, the monkeys regularly began quick movement from 06:30 to 07:30, since the light was turned on at 07:00. The locomotor activity of both sexes showed a normal activity and inactivity rhythm with an inverse relationship between normal activity and inactivity. Normal activity under the LD condition in both sexes significantly fluctuated over each 24-hr period, being higher in the light cycle and lower in the dark cycle (p < 0.001, by ANOVA).
As shown in Fig. 1 and 2 , the baseline level of the locomotion time in the females was higher than that in the males. The four-day locomotion time of the females was higher than that of the males in the dark period, whereas the inactivity time of both sexes was the same (Table 1 ). The females also showed a higher locomotion count for the dark period than the males during the 4 consecutive days (Table 2) . Table 3 shows the distribution time of normal activity in the dark and light periods for both sexes. The males showed a ratio of 10.98% : 89.02% for the dark and light periods, while the females showed a corresponding ratio of 16.26% : 83.74%. The D/L ratio was higher in the females than that in the males, and these findings indicated that the females have greater locomotor activity in the dark period than the males.
DISCUSSION
The behavioral repertoire of nonhuman primates is highly evolved and includes advanced problem-solving capabilities, complex social relationships, and sensory acuity equal or superior to those of humans (Burbacher and Grant, 2000) . In the present study, both sexes had the same profile of nocturnal behavior in that the monkeys were mostly inactive during the night. Erffmeyer (1982) also reported the characteristic nocturnal inactivity of monkeys, who spent almost the entire night in a sitting position. It is believed that ischial callosities evolved in primates in order to enable them to sleep sitting on branches, and thus the monkey's sitting position is an adaptive behavior derived from its arboreal life. From a socioecological perspective, the nocturnal silence and stillness of nonhuman primates can be seen as an anti-predation strategy involving their remaining quiet and inconspicuous during periods when their predators are most active (Anderson, 1984 (Anderson, , 2000 . Thus, the present finding of nocturnal inactivity seems to be a sleep-related behavioral and physiological phenomenon. The mammalian circadian clock conveys 24-hr rhythmicity to sleep-wake cycles, temperature, locomotor activity and virtually all other behavioral and physiological processes (Wisor, 2002) . The circadian clock is centered in the hypothalamic region known as the suprachiasmatic nucleus (SCN). Therefore, the SCN might also produce circadian locomotor rhythm in many animals including non-human primates. Using ultrasonic motion detectors to record the gross activity of rhesus monkeys, Hauty and Yellin (1970) found that when illumination was terminated at 7:00 p.m., activity almost ceased and remained slight throughout the following 12 hr of darkness. With the onset of illumination at 7:00 a.m., activity increased again. In the present study, both sexes of monkeys showed locomotor activity in which there was an inverse relationship between normal activity and inactivity for the 4 consecutive days. Normal activity under the LD condition in both sexes significantly fluctuated over the 24-hr period, being higher in the light cycle and lower in the dark cycle (p < 0.001, by ANOVA), showing the 24-hr rhythmicity of locomotor activity (Figs. 1 and 2) . The phenomenon of 24-hr rhythmicity in locomotor activity may be associated with the mammalian circadian clock mentioned above. As shown in Tables 1 and 2 , the four-day locomotion time of the females was higher than that of the males in the dark period. The females also showed a Table 1 . Locomotion time of dark and light period for 4 days in male and female cynomolgus monkeys. Table 2 . Locomotion count of dark and light period for 4 days in male and female cynomolgus monkeys. Total average a Mean ± SD (n= 9), b Mean ± SD (n= 36). *, **, ***, indicate significant difference between males and females ( *p < 0.05 , ** p <0.01, *** p <0.001).
higher locomotion count and D/L ratio in the dark period than the males for the 4 consecutive days (Table  3) . We do not know why the nocturnal activity is higher in the female than in the males. Non-reproductive behaviors such as activity and emotionality have been shown to be affected by changes in estrogen levels in both humans and experimental animals (Morgan and Pfaff, 2002) . In epidemiological studies, gender differences have been reported across a number of medical, psychiatric and sleep disorders (Reckelhoff, 2001; Piccinelli and Wilkinson, 2000; Manber and Armitage, 1999; Li et al., 2002) . Many studies have reported a higher prevalence of insomnia and anxiety among females (Lindberg et al., 1997; Li et al., 2002; Zhang and Wing, 2006) . Li et al. (2002) showed that the females were at an approximately 1.6 times higher risk of developing insomnia than males. Patients with insomnia report difficulty in maintaining sleep, i.e., having intermittent awakening the night (Li et al., 2002) . In terms of their characteristic nocturnal inactivity, monkeys spontaneously awake frequently and they often scratch themselves or shift posture and then return to sleep (Erffmeyer, 1982) . Although human female emotional characteristics are different from those of female monkeys, it is possible that the present finding of higher nocturnal locomotion in the females is associated with something of an emotional characteristic in the human female.
In general, monkeys in the wild exhibit characteristic behavior wherein they will rarely show signs of weakness or pain in order to avoid the attack of predators (Anderson, 2000; Fortman et al., 2002) . It is possible that the behavioral changes of the monkeys may be an index of the toxic effect, since the cage-side observation of monkeys might cause them to seldom or never show any overt toxic signs in toxicological studies. In fact, various toxicants such as cholinergic neurotoxin, alcohol, acetylcholinesterase inhibitor, and cocaine have been reported to cause changes in circadian rhythms and locomotor activity in experimental animals (Endo et al., 2001; Allen, 2005; Timofeeva and Gordon, 2002) . Therefore, the present finding of overall animal movements using a camera system may serve as useful basic data for behavioral assessment in toxicological studies using monkeys. Further studies are required to establish a behavioral assessment model for toxicological studies using monkeys.
